Abstract This study aims to compare patient, tumor, treatment-related factors and survival between young (<45 years) and old (>45 years) Indian colorectal cancer (CRC) patients. Total 778 patients of CRC were registered at tertiary cancer center in India between 1 August 2013 and 31 July 2014. Patients were followed up for median period of 27.73 months. Data regarding patient, tumor, treatment and survival-related factors were collected. Patients were divided in young (≤45 years) and old (>45 years) age groups. Statistical analysis was done with SPSS software version 23. Young age group patients presented more commonly with poor histology, node-positive disease, and rectal site. Younger age group patients received multiple lines of neoadjuvant treatment. There was no significant overall survival difference in both groups of patients. On stratified stagewise analysis, no significant overall survival (OS) difference was found between two groups (young vs old-1-and 3-year OS: 85.2 and 61.5% vs 81.5 and 64.5%, respectively; P = 0.881). On univariate analysis, gender, performance status, site, stage, differentiation, TRG, CRM status, signet ring type, and CEA level were significant prognostic factors. In disease-free survival (DFS) analysis, it is found that there is statistically significant difference in DFS (young vs old: 1 and 3 years; 77.6 and 62.8% vs 85.8 and 74.1%, respectively; P value, 0.02), but when OS was analyzed for same group of patient, there was no statistical difference (P = 0.302). This study confirms the high incidence rates of CRC in young Indian patients. There is no OS difference between two age groups. In operated group of patients, there is higher DFS in older patients but no OS advantage at 3 years follow-up. Further long-term follow-up is required to see any OS difference.
Introduction
Prevalence of colorectal cancer (CRC) in young patients is on the rise according to recent reports [1, 2] . Different reasons for this phenomenon have been proposed, but many questions remain unanswered. It is uncertain whether CRC in young patients is a disease with a different biology or there is any difference in clinical presentation and response to treatment, and if so, then whether it affects overall survival (OS) and disease-free survival (DFS). Many studies have tried to provide answers but with conflicting results [3] [4] [5] [6] [7] . Our study aimed to find the answers to these questions in 778 consecutive patients of CRC seen over a period of 1 year at a largest tertiary care cancer hospital in India.
Method
A total of 778 newly diagnosed patients with CRC were registered and seen in multidisciplinary team meeting at tertiary cancer care center in India, between 1 August 2013 and 31 July 2014 (12 months). All patients with diagnosis of CRC were evaluated, and demographic and disease-related data were entered in a prospective database regardless of intent of treatment and stage of the disease at the time of presentation. Tumor site was broadly divided into colon and rectum, with the rectosigmoid site included in the rectum group. The classification appearing in the seventh edition of AJCC was used for staging of the disease. Patients received treatment as per the prevailing standard guidelines after being evaluated by a multidisciplinary team. Patients were followed up for a median period of 27.73 months (reverse Kaplan-Meier method). Cutoff date for follow-up was 28 June 2016. Telephone calls and electronic medical records were used for follow-up and collection of data. Data regarding patient-related factors (e.g., age, gender, and performance status), tumor-related factors (e.g., subsite, histology, and stage), and treatment-related factors (e.g., intention, type of treatment, and response to treatment) were collected. All data were analyzed using descriptive statistics. Patients were divided into two groups comprising of young (<45 years) and old (>45 years) patients. Both these groups were compared with respect to earliermentioned factors using χ 2 test. OS was calculated from the date of registration to the date of last follow-up. Of 778 patients, 186 (24%) were lost to follow-up, thus data of 559 patients were considered for OS analysis. DFS was calculated from the date of surgery to the date of recurrence in patients operated with curative intent. OS and DFS were assessed using the Kaplan-Meier method and were compared using the log rank test. Univariate and multivariate analyses were performed using the Cox proportional hazard model. Statistical analysis was done using SPSS Software, version 23 (SPSS Inc., Chicago, IL, USA).
Results
For analysis, 778 consecutive patients of CRC registered in 1-year period were selected. They were divided into two groups: ≤45 years (young) and >45 years (old Treatment-related characteristics have been listed in Table 2 . In this study, no significant difference was observed between the two groups about intent of treatment. There was equal distribution of patients treated with curative and palliative intent. Patients in young age group received multiple lines of neoadjuvant treatment than those in the old age group (neoadjuvant chemoradiotherapy (NACTRT) f/b neoadjuvant chemotherapy: 13.10 vs 3.27%; P < 0.05) possibly due to progression of disease. Of the patients who underwent surgery, R0/R1 resection was found to achieve more commonly in patients of the old age group than their counterparts (53.56 vs 57.61%; P < 0.05). Figure 1 shows OS curves in all treated patients. In younger patients, 1-and 3-year OS is 85.2 and 61.5%, respectively. No significant OS difference was observed in both the groups (young vs old-1-and 3-year OS: 85.2 and 61.5% vs 81.5 and 64.5%, respectively; P = 0.881). On stratified stage-wise analysis, no significant OS difference was found between the two groups (P ≥ 0.05). On univariate analysis, gender, performance status, site, stage, differentiation, tumor regression grade (TRG), circumferential resection margin (CRM) status, signet ring type, and carcinoembryonic antigen level were found to be significant prognostic factors (Table 3) .
Results from the multivariate Cox proportional analysis showed that only male gender, rectum site, surgery, positive CRM status, stage IV, and poor performance status independently affected OS (Table 4) .
In patients operated with curative intent (total 403), the Kaplan-Meier method was used for determining DFS. In this study, statistically significant difference was observed in DFS for both groups (young vs old: 1 and 3 years; 77.6 and 62.8% vs 85.8 and 74.1%, respectively; P value, 0.02) (Fig. 2) , whereas no statistical difference was observed in OS for the same groups (P = 0.302) (Fig. 3) . 
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Discussion
Generally, CRC is a disease of older age, but recent studies have shown its increasing incidence in younger population [8, 9] . A reason for this phenomenon is not clear, but it has been suggested that increased awareness and better screening practices have resulted in higher detection rates in younger patients. Also, change in the dietary habits and increase in obesity in younger population may have some correlation with this trend. Recent analysis by Bailey et al. [9] of data from the Surveillance, Epidemiology, and End Results (SEER) CRC registry (1975-2010; n = 393,241) has shown increased incidence rates of CRC for patients in the age group of 20-49 years. For patients in the age groups of 20-34 and 35-49 years, incidence rates were found to increase by 1.99 and 0.41%, respectively. Previous retrospective studies have shown incidence of CRC among 4-10% of young patients, [8, 10] but our study has shown it to be in very high proportion of young patients (45.1%). The reason behind these unusually high rates could be institutional or referral bias. But previous studies in Indian patients have shown similar trends of higher incidence [11, 12] .
Increased awareness or screening is unlikely to be the cause for increased number of young Indian patients with CRC due to the absence of a national screening program and also the fact that the cancers diagnosed in this subgroup are more advanced than those diagnosed in the elderly. More details about dietary factors and body mass index will help us clarify the association of westernization of lifestyle and eating habits with increasing incidence of CRC in the younger Indian population. In addition, increased number of young patients with CRC could be a reflection of high proportion of young population in India. In this study, we have used 45 years as cutoff for the definition of young age. There is no consensus regarding the same worldwide. Some authors have used 50 years as a cutoff whereas others have used 40 years as a young-age criterion [5, 10, 13] .
In our study, young patients have presented more commonly with node-positive disease than older patients. Also, less favorable histology types such as mucinous and signet ring have been found significantly more common in young age group. This way of presentation is consistent with other previous studies [10, 14, 15] . It is not clear why young patients generally present with more advanced disease and poor histology type and hence tend to have worse DFS. One reason for this advanced presentation could be failure to reach the diagnosis by physician due to less suspicion in view of young age or late consultation with doctor from the patient's side. Few molecular studies have suggested that colorectal carcinomas are biologically different in young age group compared with older age group [16] . This may explain this different way of presentation. Whatever may be the reason but most important question lies ahead: does it affect survival? Many retrospective studies have been conducted to find the answer but with conflicting results. Our aim of this analysis was to answer this question in a cohort of Indian patients with CRC.
Along with demographic factors, we have analyzed the effect of treatment and related factors. It shows that in patients with rectal cancer more number of young patients has received additional chemotherapy regimen after NACTRT in view of poor response. The difference between two groups could be due to poor response to neoadjuvant treatment, which has been seen in our study where on postoperative histopathology more number of younger patients had higher TRG suggestive of poor response to neoadjuvant treatment. Also, one would assume that due to better performance status, young patients will receive and tolerate multiple lines of treatment. However, the performance status was similar in the two groups of our study.
In this study, no statistically significant difference was found in OS of both groups. Both groups have shown comparable 3-year OS (young vs old: 61.5 vs 64.5%, P = 0.881). Even with advanced presentation and poor response to neoadjuvant therapies, final OS was found to be comparable. This could be due to more aggressive therapy in younger patients. As younger patients have good performance status with less comorbidities, they generally tolerate chemotherapy better. How this factor influenced OS in our study is difficult to know as we have not included details of chemotherapy regimen and number of lines of Fig. 2 Disease-free survival analysis in operated group of patients chemotherapy received, which might have made a difference. In this study, no difference between performance statuses of both groups was observed.
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We also conducted subgroup analysis on all operated patients who were treated with curative intent. Older patients were found to have significantly higher DFS than younger patients (3-year DFS young vs old: 62.8 vs 74.1%; P = 0.02), but on OS analysis, no statistical difference was observed in OS between the two groups (3-year OS, young vs old: 78.3 vs 85.6%; P = 0.302). Failure to see OS difference may be due to short follow-up period as 3-year DFS has been shown to correlate with 5-year OS in patients with stage III CRC [17] . We need to follow operated patients for longer duration to observe any OS difference. Younger patients may have a better performance status and less comorbidities, and thus may receive more lines of treatment with more chemotherapeutic drugs, which may explain the failure to observe OS difference.
Conclusion
This study showed that a significant proportion of patients with CRC are less than 45 years old. These patients were found to have disease with poor prognostic factors and a more advanced stage at presentation with a worse DFS after surgery, although no difference in 3-year OS was observed. Longer follow-up is needed to give us better information regarding long-term outcomes in these patients. 
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